INTRODUCTION
Dental caries is a persistent public health problem worldwide. Although preventable, it is still considered the most chronic disease with high prevalence affecting many children in several countries including Saudi Arabia. [1, 2] Dental caries is a multifactorial disease involving various risk and preventive factors. In the permanent dentition, the first permanent molar (FPM) exhibits an increased susceptibility to caries in the occlusal pits and fissures due to its morphological characteristics, the early time of its eruption, and its positioning in the oral cavity. [3, 4] A survey of fissure sealants and dental caries prevalence in the first permanent molars among primary school girls in Riyadh, Saudi Arabia
In addition to other caries preventive measures and procedures, the use of sealants is one of the strongest evidence-based preventive interventions for dental caries and recommended mainly on the posterior permanent teeth, acting by preventing the development and growth of plaque and bacteria in the grooves. [10, 11] There is evidence in the literature regarding fissure sealants' effectiveness in caries prevention and control, for both individual and community-based interventions for children and adolescents. [7, 10] Oral health surveys provide an idea about the population's oral health status, treatment needs, and provide baseline information to establish oral health plans as per the actual needs of their population. [12] Effective delivery of dental services and establishing a national preventive program with sealants in a community must be based on reliable information regarding the epidemiological pattern of caries, caries risk of individuals, and caries prevalence of the country. [7, 13] School-based sealant preventive programs are highly recommended for their effectiveness. [14, 15] In Riyadh, the capital city of Saudi Arabia, there have been no studies undertaken to determine the prevalence of dental caries in the FPMs, and it is essential to obtain baseline data regarding the condition of the FPMs so that appropriate prevention and treatment needs can be implemented. For such a sealant preventive program, some knowledge regarding the existing usage of sealants in relation to caries need to be answered, to determine the feasibility and appropriateness of this type of intervention at a national level.
The aims of this cross-sectional survey were to: 1. Investigate the prevalence of dental caries in the FPMs among 6-9-year-old primary school girls in Riyadh, Saudi Arabia 2. Determine the presence of fissure sealants on their FPMs, to report the use of fissure sealant and analyze the preventive need of fissure sealants 3. Provide a national reference foundation for the prevention strategies of caries.
MATERIALS AND METHODS

Population
This cross-sectional survey was conducted during October 2015 through May 2016 at public female primary schools in Riyadh city, Saudi Arabia. It was carried out as a part of the annual dental preventive program targeting primary schoolchildren, organized by the Preventive Dentistry Department, Ministry of Health, Riyadh, Saudi Arabia. The program includes educational part on oral hygiene and topical fluoride application. Ethical approval was obtained from the Preventive Dentistry Committee, Ministry of Health, Riyadh, Saudi Arabia (H-01-R-009-1359).
A total of 120 public female primary schools were randomly selected using stratified random sampling from different geographic locations within Riyadh city.
The schools were officially informed, and visitation permissions and coordination with the schools were obtained from the Ministry of Education and school principals to arrange a day for data collection. Written consents were obtained from children's parents.
In this survey, 17,891 female students were examined, which included all children with obtained consent form, in the first three grades within the selected schools (first, second, and third grades). The age of schoolchildren at the first grade is 6-7, second grade is 7-8, and third grade is 8-9 years.
Before commencing the examination, a brief orientation and oral hygiene instructions to the students were carried out. Topical fluoride varnish (Clinpro™ 5% Sodium Fluoride White Varnish, 3M ESPE, St. Paul, MN, USA) was applied following examination to the children with obtained informed consent.
Oral examination
Oral examination was conducted by forty examiners (trained and calibrated female hygienists) who were divided into twenty teams. In this way, each team included two examiners; one either conducted examination or assisted in data entry in a designed data collection form.
The children were examined, in their classroom with the child sitting on a conventional, nondental classroom chair, with a disposable mouth mirror, wooden tongue blade, and a probe, when needed, under adequate natural day light, and under all infection control measures. The probe was used sparingly on doubtful surfaces. In case of any doubt, the tooth was marked sound.
For the purpose of this study, only the FPMs of the children were recorded. The examination and record consist of all FPMs with the full occlusal surface of the The children who had at least one decayed, filled, or missing due to caries FPMs (i.e., caries prevalence) counted for 35.4% (n = 6338 children). In other words, 64.6% of the children (n = 11,553) did not have caries experience in their FPMs (i.e., caries free). Only 1.3% of the children (n = 233) had at least one fissure sealant applied.
At tooth level, the decayed FPMs counted for 24.6% (n = 14,313) of the total number of teeth examined, while only 1.0% (n = 573) of the FPMs had fillings.
There was obvious underutilization of the fissure sealants on the FPMs, 0.8% (n = 478). The missing FPMs due to caries were only 38 teeth (0.07%). The remaining 24,738 FPMs (73.5%) were sound [ Table 1 ].
The mandibular FPMs exhibited higher caries prevalence (33%) and more fissure sealants applied (1.1%), compared to the maxillary FPMs, 18.2% and 0.5%, respectively, which were statistically significant (P < 0.01).
The results and comparisons between the three grades/age groups are presented in Table 2 . The proportion of carious FPMs increased with age of the children significantly (P < 0.01). This was increased from 16.1% for the first-grade students to 31.2% for the third-grade students.
On the contrary, there was no significant difference in the proportion of the presence of fissure sealants among the three different grade/age groups (P > 0.05).
The results showed no association between age and fissure sealants' use, as the results showed that fissure-sealed FPMs were almost constant between the different grade/age groups; 0.8%, 0.9%, and 0.8% for the first, second, and third grades, respectively.
Additionally, there was no correlation between the proportion of decayed FPMs and the presence of fissure sealants [ Table 2 ].
crown exposed. Partially erupted or unerupted FPMs were excluded. Dental caries was assessed using the World Health Organization diagnostic criteria for oral health survey. [12] The decayed FPMs were recorded as decayed regardless of the carious lesion stage.
The fissure sealants were recorded as present or absent. Fissure sealant's presence on the FPMs was recorded regardless the status of the sealant whether intact or partially lost. No radiographs were taken.
Statistical analysis
Inter-and intra-examiner reproducibility were assessed using weighted kappa statistics by reexamining a group of 120 children, 5 weeks after the start of the study. A very high degree of agreement was demonstrated (κ > 0.80). Chi-square test was used to assess the significance of differences in prevalence and proportions at tooth level. The level of statistical significance was set at α = 0.05.
Comparisons were made between grades (first, second, and third), which reflect the age groups, and between maxillary versus mandibular FPMs.
RESULTS
In the 17,891 children examined, a total of 58,140 FPMs were recorded for carious status, presence of restoration, presence of fissure sealants, or being sound. Partially erupted and unerupted FPMs were excluded (n = 13,424 teeth). It was interesting to know that 59.6% of the FPMs were erupted in the first-grade girls (6-7-year-olds), 88.0% in the second-grade girls (7--8-year-olds), and 97.3% of FPMs were erupted in the third-grade girls (8-9-year-olds).
DISCUSSION
This survey investigated the caries prevalence and the presence of fissure sealants on FPMs exclusively, among 6-9-year-old public school girls in Riyadh city, Saudi Arabia. Only the FPMs were evaluated since they are a key to the permanent dentition and have almost erupted in this age of children. Further data analyses and comparisons were conducted at tooth level instead of child level because of the exclusion of the partially erupted and unerupted FPMs.
Although several studies have been reported on the prevalence of dental caries among schoolchildren in Saudi Arabia, there has been a scarcity in data regarding the caries prevalence in addition to the use and presence of fissure sealants on FPMs specifically.
The results revealed a high proportion of identified untreated caries and a low proportion of subsequently placed restorations. Very low use of fissure sealants was noted for this population. Extraction of FPMs due to caries was very rare in this population, and this could be because of the young age of the groups involved.
Comparing our results to previous global and national studies was quite difficult because of the differences in studies' design and the age of the targeted groups, in addition to other related variables.
In this study, the children who had at least one decayed, filled, or missing due to caries FPMs (i.e., caries prevalence) counted for 35.4% (n = 6338 children). In other words, 64.6% of the children (n = 11,553) did not have caries experience in FPMs (i.e., caries free). This is considerably lower than that reported in some studies. Nationally, Al-Samadani and Ahmad [6] reported that 67% of 9-year-old children in Jeddah, Saudi Arabia, had caries in their FPMs. In another city, Abha, in a study by Togoo et al., [5] who examined 7-10-year-old children for the caries prevalence in FPMs, it was reported that 66.4% of children had carious FPMs. Globally, a study on Moroccan children aged 6-15 years revealed that 77% of children had caries prevalence in their FPMs. [16] In Taiwan, a study by Warren et al., [17] on first-grade schoolchildren, aged 6 years, resulted in 52% of children with caries prevalence in their FPMs. In contrast, in China, few reports had wide variation in the caries prevalence among children aged in the range of 6-15 years. In ascending order of their results, the caries prevalence particularly in the FPMs was reported in 8.7% of 7-8-year-old, [18] 26.5% in 7-9-year-old, [19] 47.5% in 7-9-year-old, [20] and 72% in 7-12-year-old children. [21] The variation in caries prevalence worldwide and the involvement of older age participants in some of the studies would be a possible explanation would be a possible explanation for the inconsistent results.
When analyzing the prevalence of fissure sealants on the FPMs, we verified in the current study that only 1.3% of the children (n = 233) had at least one fissure sealant applied. This result is very low and alarming of the underutilization of fissure sealants in caries prevention among children. In the United States, during 2011-2012, it was reported that 31.4% of 6-8-year-old children had a fissure sealant. [22] In Germany, a study among 8-12-year-old children showed that 55.6% of children had at least one fissure sealant applied. [23] Another study on adolescents aged 12-18 years in Portugal reported that 59% of participants were with the presence of at least one fissure sealant on FPMs. [24] In contrast, a very low fissure sealants' prevalence was noted in 12-15-year-old Greek adolescents (8%). [13] The younger group of children in the current study would explain our low finding, although the fissure sealant is recommended to be placed as soon as the FPMs erupted.
At tooth level, the overall caries prevalence was in 25.7% of the FPMs, which indicates that 74.3% of the examined FPMs were free of caries. In particular, the caries prevalence was 16.6%, 24.5%, 32.8%, for first-grade children (6-7-year-olds), second-grade children (7-8-year-olds), and third-grade children (8-9-year-olds), respectively. Comparing these findings to other studies, there was a controversy view. A very early study by King et al. [25] revealed 10% carious FPMs among 7.4-year-old children, and another recent study showed about 16% carious FPMs among 7-8-year-old children in Poland. [26] However, the study conducted by Togoo et al., [5] in Abha, Saudi Arabia, showed a higher caries prevalence in the FPMs. In their study, the overall caries prevalence was 43.4% of the FPMs in a group of children aged 7-10 years. In particular, the prevalence was 14%, 36%, and 57% among children aged 7 years, 8 years, and 9 years, respectively.
In this survey, the caries prevalence in the mandibular FPMs was significantly higher than the caries prevalence in the maxillary FPMs. This finding is in agreement with other studies. [5, 19, 27] The reason expected behind this finding is the difference in the morphology and the earlier eruption time of mandibular compared to maxillary FPMs. [5] The caries prevalence was statistically increased as the age increased. There is almost agreement in the literature that aging is accompanied with increase of the caries prevalence of the FPMs among children, which was similar to our findings. [5, 6, 16, 19, 20] Our finding that 59.6% of FPMs had erupted in girls in their first grade (6-7-year-olds) agreed approximately with a previous study which reported that 50% of FPMs had erupted by the age of 7.4 years, [25] bearing in mind the general earlier teeth development in girls.
It was clear that the carious process in the FPMs starts as soon as they erupt and can be clinically detected within 1-2 years. [6, 28] The results emphasize the need and importance of early prevention and educational programs which should be implemented even in earlier age of the children. When considering fissure sealant application in children, it is recommended to be applied soon after tooth eruption. [28, 29] Considering the excellent outcomes in caries reduction from other countries, [30] [31] [32] [33] where school-based fissure sealants programs were implemented, it is logical to recommend the introduction of the use of fissure sealants in school-based or public preventive programs in Saudi Arabia. To plan and establish a national preventive program with fissure sealants in a community, it is essential to obtain baseline data regarding the condition of the FPMs and the prevalence of fissure sealants applied on them. Additionally, the provision of fissure sealants is used as an indicator of the preventive care provided to children, on an individual or on a public health basis. [34] From the findings of this study, the use of fissure sealants in children was extremely low. The underutilization of the fissure sealants might be attributed to the lack of awareness of the public and that the dentists have not been convinced on the usefulness and effectiveness of sealants on caries prevention, or lack of emphasis on the use of sealants even knowing their effectiveness in caries prevention. This hypothesis is supported from the findings of other studies conducted internationally aiming to investigate the dentist's knowledge and opinion on sealant use. [13, 35, 36] Further investigation of the associated factors behind the low use of fissure sealants nationally and related to parents and dentists is recommended.
CONCLUSIONS
• Caries prevalence in the FPMs was high among this cohort of young students. The prevalence of caries in the FPFMs increased with age. The caries prevalence in mandibular FPMs was higher than that of maxillary FPMs • There was very low prevalence of fissure sealants on FPMs, indicating the underutilization of fissure sealants among schoolchildren examined in this study • School-based or national sealant programs should be promoted strongly and implemented as an effective preventive approach, complemented with oral health education. Efforts are needed to increase the knowledge of sealants by the general public as well as to promote sealant use by dentists.
